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Thermal Management: trends and architecture

System Complexity Increases Need for Integration

Seeking the Best Balance of Integration and Complexity

A
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Balanced Integration:
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Increasing Integration
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Thermal Management: trends and architecture

System layout - Multiway Valve & Compact axial flux E-motor Pumps

1) Radial Flux Pumps 1) Axial Flux Pumps

2) Switch-Valves 2) Multi-Way (*Proportional) Valve
3) 3Way - Proportional Valve Targets 3) Plastic Frame

4) Plastic Frame 4) Support hinges

« Minimal space and maximum functionality

* Reduced design, assembly complexity and n.o. of components
* Realize optimal cooling

« Compact and scalable design = standardization

5) Support hinges
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CFD Simulations for Optimal Architecture

Electric Coolant Pump with Axial Flux eMotor — Proposed Solution

Parameter eMot. Eff. Hyd. Eff. Drag Loss.
Rotational Speed (rpm) + + ++
Rotor vs Impeller D (mm) none n.a. +
v nne o Jobesummorang beimpecton e nesietod g
Rotor Thickness (mm) + none +
Recirculation Gaps (mm) n.a. - +

Elfnisyre ggggi}y in Stn Frame E’Iﬁ_lsggre gglr?giéy in Stn Frame
-1.000e-01 1.100e+01 1.000e-01 1.300e+01
-2.0506-01 9.9006.+00 -2.000e-02 1.170+01
-3.100e-01 8.8008+00 -1.400e-01 1.040e+01
-4.1508-01 7.7008+00 SRR g'ggg'“gg

! 7. e+

-5.200e-01 6.600e+00 [ } e
-6.250e-01 5.500e+00 / N\ 5200640
-7.300e-01 4.400e+00 N 3.900e+0
-8.350e-01y, 3.3006+00 s Lﬁ\ 2 6006+0
-9.400e-01 el il 2.200e+00 = kel - | -9.800e-01 "Lk 1.3008400
-1.0450+0 1.1006+00" | T . -1.100e+00 SN 0.000e+00
1.150e+00 3 0.000e400 —] [bar] (mati]

[bar] [m s7-1] T T

Pressure field Velocity field Pressure field Velocity field

+ Hydraulic efficiency comparable to reference pump w. radial motor
* Optimal package to contain electric pump axial footprint
» Balanced pressure field inside the volute
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Thermal Management: trends and architecture

Compact axial flux E-motor Pumps

Pump Layout ~ The design challenge Integrated & Compact Axial Flux Pump for TMM
Axial Flux motor for EWaPu — The challenge

.-'I \

=20 mm

=52 mm
7~
b

+ Minimization of axial footprint of eWaPu | I
= Impeller co-molded with top rotor and rotors spacer .

= Minimum air-gap between PCB stator and rotors !
X!
e T
H f I
b = o -
|
) 1

PM Heart
~N o= 5 00/0 (reference radial counterpart)

Axial footprint
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Radial Flux Motor Pump

Axial Flux Motor Pump
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